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PROTEINASE-INHIBITORY POTENTIAL IN RAT PANCREAS AT THE BURN SHOCK
AND TOXEMIA STAGES OF BURN DISEASE
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The increase in general antitryptic activity waslb¥ times higher for 1 day (at the stage of binock), while the total
proteolytic activity decreased, compared to thpaetive parameters of the pancreas in the cormvapgof rats under the conditions of
burn disease. Then both indices decrease and reedaioed for 7 days. At the next stage of toxewmiad@y 7), with a burn, the total
antitryptic activity in the pancreas decreases.Bytifines compared to the control animals. On thie day, the total antitryptic activity
in the pancreas decreases by 2. 2 times, comjuatieel 1-st day. Changes in proteolytic and antitygetivity in the rat pancreas cause
changes in proteinase-inhibitory potential at ttages of burn shock and the stage of toxemia inraxpatal burn disease. The
proteinase-inhibitory potential of the rat pancreashe 1-st day after the burn differs from thidex value on the 7-th day.

Key words: burn disease, pancreas, antitryptic activity,quigtic activity.

JLI. Hetroxaiino, C.B. XapueHko

l'[POTEiHA3"HO-IHF IITOPHUI INOTEHHIAJTY HII[H}.JIYHKOBIFI 3AJIO31 IIIYPIB
HA CTAAII OIIKOBOI'O IOKY I CTAAII TOKCEMII ITPHU OIIIKOBIN XBOPOBI

3pocTaHHsl 3araibHOI AHTUTPINTHYHOT aKTUBHOCTI B 1,4 pasu Bin3nadeno Ha 1 100y (Ha crafii OmKoBOro IIOKY), TIPH LBOMY
3arajbHa MPOTEONITUYHA aKTHBHICTH MaJae, B MOPIBHSAHHI 3 BiITOBIJHUMH ITOKa3HUKAMH ITiILTYHKOBOI 3aJI03H KOHTPOJIBHOI IPyIH
IIypiB B YMOBaX OMiKoBOi XBOpoOu. [10TiM 00M/IBa TIOKA3HUKH 3MCHIITYFOTHCS 1 3QJHIIAIOTHCS 3HIDKCHUMHU Ha 7 00y. Ha HactynHiit
cranii Tokcemii (Ha 7 mo0y) MpH OMmiKy 3araibHa AHTUTPINTAYHA AKTHBHICTH B IiIUUTYHKOBIH 3a103i 3HIKYyeThCsl B 1,6 pasu, B
MOPIBHSHHI 3 KOHTPOJILHUMH TBapuHaMu. Ha 7 100y 3arajbHa aHTUTpINTHYHA aKTUBHICTh B MIiIUTYHKOBIH 321031 3HIKYETHCS B 2, 2
pasy, B MopiBHsHHI 3 140 10000. 3MiHH MPOTEONITUYHOI i AHTUTPINTUYHOI aKTMBHOCTI B ITi/IIUTYHKOBIH 3a1103i IIypiB BUKIHKAIOTH
3MiHHM MPOTETHA3HO-HT10ITOPHOTO MOTEHIIAy Ha CTaAil OMKOBOIO IIOKY 1 CTafii TOKCeMil 3a eKCTICPIMEHTAIBHOI OTIKOBOI XBOPOOH.
IMpoteina3Ho-iHriOITOPHMI MOTEHLIAN B Mi/IIUTYHKOBI# 3a1103i 11ypiB B 1-y 100y miciist OmiKy BiIpi3HSETHCS BiJ JAHOTO MOKa3HHKA Ha
ChOMHUIA JICHb.

Kutro4oBi cj10Ba: omikoBa XBopo0a, Mi/IITYHKOBA 321033, aHTHTPINTHYIHA AKTUBHICTB, IPOTEONITHYHA AKTUBHICTb.

The work is a fragment of the research project “Gmahpatterns of pathological changes in experiraebtirn disease and
development of methods for its correction”, stagistration No. 0119U102850.

From our previous studies in rats, changes inrthibitory potential of the blood serum as wellm@as i
the pancreas in acute stress are known. The totglgbytic activity both in the blood serum andprallel in
the pancreas, increases against the backgrouathbéntitryptic activity declining [1].

The literature highlights the results of proteinggbitory potential studies in stress under thenb
disease conditions [2].
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Proteolytic activity is known to be different iretblood at the initial and final stages of burredse.
The maximum peak in rats occurs after 12 hours Asrease is observed on days 1 and 7. Decredise in
proteolytic activity is registered from the 7thth@ 28th day (28 days). [1].

Literature data are known on the decline of antgmigtic activity.

With a burn, the maximum decrease in the bloodgdsstered in rats on the 1st day almost by 4 times
[1].

Some authors have described studies of changest&inase-inhibitory potential in other organs of
rats. In the lungs there was an increase of totategplytic activity after burns (days 1, 7) [2]. 1Btne
antitryptic activity first increases (day 1), théecreases (days 7 — 28) [2].

In the kidneys of rats, under the conditions ohldisease, studies indicate the changes that aause
imbalance in the proteolysis — proteolysis inhifsiteystem [3].

Our previous experiments on the pancreas showetiifes in the proteolytic activity in burns. At the
first stages (days 1, 7) a decrease occur, indlleving stages (21 days (21 days), 28 days) -hamase in
the index takes place [1].

There are no data in the literature on the studgtaf antitryptic activity in the pancreas of ratgh
burn disease. Features of proteinase-inhibitorgniiat in the animals’ body at the stages of binock and
toxemia are not described. Therefore, it is adlésahd relevant to determine the antiproteolytiiviy in
the pancreas of rats with burns, because it wilhfi¢go analyze the features of proteinase-inhijifmtential
at the initial stages of burn disease.

The study of this issue is important because atiivaf proteolytic enzymes and a parallel decrease
in the activity of these enzymes’ inhibitors caadedo toxic effects. Proteolytic enzymes, actingtissues,
cause increased protein breakdown, which leadsetantreased urea and creatinine contents in thezl bl
Toxic products contribute to the development aixigation syndrome in the body [4].

The purposeof the work was to study the total antitrypticitt in experiments on the pancreas of
rats after burns (days 1, 7) and to analyze theipase-inhibitory potential.

Materials and methods. Experiments were carried out with 15 male rats (18@50 g).
Recommendations set out in the European Conventiwa observed. Rats were selected from those kept
under standard vivarium conditions on the general. development of burn disease was induced in
compliance with the known method. The essenceeofriethod by A.P. Dovgansky is that the epilated ski
surface of the hind limb in the experimental granpnals is immersed into water with the temperabfire70
- + 78 C, under light ether anesthesia, the immersidmtpg seconds. Under these conditions, a burfl of |
A - B degree appears as a standard model of tmedisease development in the experiment, accotding
modern ideas.

Animals were killed after burns (on th&dnd 7th days) under ether anesthesia.

Total antitryptic activity was determined by theigte of inactivated trypsin.

The method described by Veremeenko K.N., GolobarddiP. Kizim A, in the manual “Proteolysis
in normal and in pathology” is based on determining difference between the activity of a sample
containing a certain amount of trypsin, and théviggtof the sample, in which part of the enzymads to
pancreatic tissue inhibitors.

Homogenate was prepared of the rat pancreas. Aingosklution containing the enzyme was added
to the organ tissue homogenate. An enzyme-inhib@amplex was formed in the mixture. Casein was édde
to the mixture and then incubated. The reactionsi@sped by adding a solution of trichloroacetid at the
appropriate stages for control and experimentaptesnCentrifugation was performed. The opticalsitgrof
the obtained clear solution was determined. A iitn graph for trypsin was prepared. The enzyctigity
was determined according to the calibration scleedul

To study the proteinase-inhibitory potential in gacreas, proteolytic activity was determinedhan t
respective tissue homogenates of rat organs in disease. The total proteolytic activity in the padas
determined by the increase in free amino nitrogentent. The source of its formation were protdiras tvere
to be reduced by the enzyme. The principle of tle¢hod is based on the interaction of amino acids wi
ninhydrin solution and formation of the blue colbmeaction product. The color intensity of the 8oluis
directly proportional to the amino acid content.

Mathematical and statistical analysis of the oleirresults was performed, determining the
arithmetic mean, standard deviation, mean errah@fmean. The Student's criterion (t) was detemintoe
assess the reliability of the identified differen¢®]. The condition for the application of Studeuwtiterion to
compare the mean values was the normality of titkest values distribution in each of the comparedigs.
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Results of the study and their discussionThe activity of enzymes, which were determinedhia t
pancreas of intact rats was considered as 100%.

Fig. 1, 3 illustrate the results of studies in ekpental burn disease of rats, which show thatdted
antitryptic activity rises (on the 1st day — by limes) compared to the index of the pancreasadrirtact
group of animals.

Fig. 2 and 3 show the results obtained in the stdidlye burn disease impact on rats, which show the
following: the total antitryptic activity falls (othe 7th day) — by 1.6 times lower than the parscoesatrol,
and if compared to the 1st day — by 2.2 times lawethe 7th day than on the first day.

(yl} (%}
100 + + 100 — =
*
K the st day K the Tth day

Fig. 1. The total antitryptic activity of the pageas at the stage of Fig. 2. The total antitryptic activity of the paeas at the stage
burn shock in rats, M + m: K - intact group; the day — a group of of toxemia of rats after burn, M + m: K - intacbgp; the 7th day — a
animals that were subjected to burn and examinger df day; group of animals that were subjected to burn armin@ed after 7
*p <0.001. days; * p <0.001.

Fig. 3 summarizes the results of experiments awilh burn disease, which show that on the 1st day
in the pancreas, against the background of inalgasa antitryptic activity, a decrease in proyiol activity
is observed.

On the 7th day with a decrease of total antitryatitvity in the pancreas (fig. 3) proteolytic &itti
remains reduced as well.

Thus, as it can be seen in fig. 3, in the conditioitburn disease, proteinase-inhibitory poteititthe
rat pancreas differs on the 1st day (at the sthbera shock) from this index on the 7th day (& $tage of
toxemia).

0 It is possible that the
expediency of increasing
proteinase inhibitors in pancreatic
tissues on the 1st day after the
burn is that they can inhibit the
activity of proteolytic enzymes in
the pancreas and reduce the
proteolytic  activity in the
pancreas on the 1st day after the
burn by 1.4 times, which we
reported in our work (fig. 3).

It is possible that proteolytic

100 —+

i | | enzymes flow from the pancreas

K b o 7 Dw into the blood, where on the 1st

Fig. 3. Total antitryptic activity (No. 1) and tbfaoteolytic activity (No. 2) of the pancreas d h . . . |

in burn disease, M £ m: K — intact group; the Bst € a group of animals examined 1 day after the ay t er_e IS an ln_cr_ease In tota
burn; the 7th day — a group of animals examinedys dfter the burn; * p <0.001; ** - p <0.05; proteolytlc aCt|V|ty [1]

"r-p <0l Therefore, it is espe-
cially important to increase the total antitrypittivity in the pancreas on the 1st day againsb#uiground
of reducing the total antitryptic activity of theobd by 3.75 times [1].

There is evidence in the literature that streseeases the activity of proteolytic enzyme inhitgfor
possibly due to their synthesis. [6].

Peak increase parallelism of the total antitryatitivity on the 1st day is observed in the lungs [2

In the pancreas, various enzymes are formed imé#ative form. [7]. Synthesis of the inactive form
of proteinases is of particular biological imporanas it prevents damage to the secretory celledissues
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in which they are synthesized, i. e. preventsdigtistion. Proteolytic enzymes synthesized in Hrepeas are
secreted to the duodenum as inactive proteaserpoesu

Proteolytic enzymes (proteases) are produced by/afehe mucous membrane in the digestive tract
and exocrine part of the pancreas and are invatviek digestion of proteins.

The proenzyme trypsinogen is formed in the pancreagers the intestine, is activated by
enterokinase, and the active enzyme trypsin isddrat pH 7.5 - 8.0.

Enterokinase

Trypsinogen — trypsin + hexapeptide.

Trypsin is an endopeptidase that most activelyelepeptide bonds formed by the basic amino acids
— arginine and lysine [7].

Proenzyme chymotrypsinogen is formed in the pasceaers the intestine, is activated by trypsin,
and the active enzyme chymotrypsin is formed.

Trypsin

Chymotrypsinogen — chymotrypsin + inhibitory pepsd

Chymotrypsin is an endopeptidase that cleaves S0pemtide bonds in protein and food peptide
molecules, including pepsin- and trypsin-insensitionds. Chymotrypsin has a broader substratefispigci
than trypsin. It is manifested in the fact thatrologrypsin catalyzes not only peptides, but alseresamides
and other acyl derivatives.

Short peptides formed under the action of endogiegetis are subject to the action of exopeptidases

[7].

Proenzymes of procarboxypeptidase A and B are fbrimghe pancreas, enter the intestine, are
activated by trypsin, and active enzymes of carpegjidase A and B are formed.

Carboxypeptidases are peptidases that hydrolyzelpdmwnds formed by C-terminal amino acids in
peptides (with a free carboxyl group).

Carboxypeptidase A cleaves amino acid with a hyubjz radical (alanine, valine, leucine,
isoleucine, methionine, proline, phenylalanineptiophan) from the C-terminus of the peptide.

Carboxypeptidase cleaves the amino acid residulysioé and arginine from the C-terminus of the
peptide.

The proenzyme proelastase is formed in the panaatess the intestine, is activated by trypsig, an
the active elastase enzyme is formed.

Elastase is an endopeptidase that cleaves theativerissue protein elastin, namely peptide bonds
formed by residues of small amino acids — glycitexine, serine.

The proenzyme procollagenase is formed in the pascenters the intestine, is activated by trypsin,
and the active enzyme collagenase is formed.

Collagenase cleaves the connective tissue pratédagen.

Aminopeptidase intestinal enzymes complete thevatga of peptides to dipeptides. In their turn,
dipeptides are cleaved by intestinal enzymes ditesss to free amino acids.

Trypsin is formed in the pancreas as well as gihgteinases in the inactive form. The physiological
essence of this phenomenon is important, becaesadive form of trypsin would perform a proteatyti
action aimed at destroying organs, cells, enzymes.

There exists one more defense mechanism for therqzem It is that the body provides itself with the
synthesis of pancreatic trypsin inhibitor. It idosv-molecular peptide. Its mechanism of actionhiat tthe
inhibitor is able to strongly bind to trypsin anaymotrypsin, due to their active centers. Thusaitses their
inhibition.

Various factors affect changes in the activity oftbproteolytic enzymes and their inhibitors, and
hence, changes in proteinase-inhibitory potential.

Under the influence of various factors, includitigssors, such as burns, their activity in the eya
tissues can change. Changes in proteinase-inkilptatential in the pancreas and activation of jmates
that cleave various proteins are dangerous, becthgse can disrupt the processes of regulation and
metabolism in the body, blood, etc.

Uncontrolled activation of trypsin causes damagtngotissues of the pancreas, which leads to self-
digestion of the organ’s tissues. Trypsin activateser pancreatic zymogens, such as proelastase,
procarboxypeptidase or profospholipase which damage acinar cells. This may be due t@xhaustion of
the inhibition mechanisms (inhibitors and othessa@ause of damage to the pancreas [8].

Therefore, it is advisable to detect an increaskeractivity of proteinase inhibitors and a deseca
the total proteolytic activity in the pancreashat stage of burn shock (the 1st day).
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It is possible that on day 7, the total antitrygtitivity is sufficient to inhibit proteolytic enmyes in
the pancreas. Perhaps there is a depletion ofrgfam @nd the protective system of antiproteolysithe 7th
day.

Therefore, already on the 21st and the 28th dagothkproteolytic activity in the pancreas incesas

[1].

[2].

Disorders of proteinase-inhibitory potential in fpancreas can cause disorders and imbalance of
protein metabolism in the organ, blood and the badya whole and play a role in the burn disease
pathogenesis.

Increased activity of proteolytic enzymes in theddl already at the burn shock stage causes the
protein breakdown at this stage of burn diseasegd@ses at the next stage, which is one of theesdasthe
burn exhaustion development.

Changes in protein metabolism after burns towdrdscatabolic processes lead to development of a
negative nitrogen balance as a consequence ofirproitabolism disorder. As a result, residual g
accumulates in the blood [4].

In burn disease, increased protein cleavage leatie accumulation of toxic substances.

Inhibitors of proteolytic enzymes normalize metébuoland reduce proteolysis in the pancreas at the
early stages of burn disease. Therefore, it issalilé to use and introduce protease inhibitoredaae the
effects of proteolysis and for treatment of burns.

Thus, the study of proteinase-inhibitory potentiathe pancreas, blood, and other organs permits to
study the mechanisms of burn disease, the cauggstein and other substances metabolism disoriens,
exhaustion.

The peak parallelism of decrease in the totalrgptit activity on the 7th day is observed in thieds

The proteinase-inhibitory potential of the pancdiéisrs from this index in the lungs and blood.
Proteinase-inhibitory potential in the pancreasegadepending on the stage of the burn disease. At
the stage of burn shock (the 1st day) the totagptic activity increases, and proteolytic adijvis reduced.
And at the stage of toxemia (the 7th day) the rgptic activity decreases in the pancreas, anceplyttc
activity remains reduced. This response of the rgaisccan reduce proteolysis at the stage of bk snd
the stage of toxemia.

Prospects for further development in thisfielditighe fact that it is planned to study the genewatitryptic activity in the
pancreas at other stages of burn disease.
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